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Marek's disease virus (MDV) is an alphaherpesvirus, which can mediate the malignant transformation of lymphocytes to 
form lymphomas in chickens. In this study, we demonstrate that MDV can transform primary chick embryo fibroblasts (CEF). 
The cell line derived from primary CEF infected with the GA strain of MDV was called CEM1MoV)· The fibroblast nature of 
CEM1MoVl was verified by absence of cytokeratin type II. The CEM1Mov1 phenotype differed from either primary CEF or MDV-
infected CEF. CEM1Mov1 were extensively vacuolated, with unusual multilamellar structures in the cytoplasm. The nuclei were 
considerably larger than those in primary CEF and were uniformly positive for proliferating cell nuclear antigen. The cell 
line was subcultured for more than 10 generations; however, CEM1Mov1 did not support a fully productive MDV infection, 
because complete nucleocapsids were not detected and infectivity assays showed that the cell line produced no infectious 
virus. PCR analyses demonstrated that this cell line carried both polypeptide 38 (pp38) and Meq DNA, MDV-specific genes 
associated with transformation. In addition, examination by laser scanning confocal microscopy revealed that CEM1Mov1 
constitutively produced MDV MEQ protein in nuclei and pp38 as well as glycoprotein Bin the cytoplasm and on the plasma 
membrane. Growth in soft agar assay demonstrated that CEM1MoV) formed colonies, similar to Hela and human melanoma 
cells. Retroviral insertion was not detected in DNA from the CEM1MoVl line. © 1997 Academic Press 
INTRODUCTION 
Marek's disease (MD) is an affliction of domestic 
chickens worldwide. The disease is named after the in-
vestigator Josef Marek, a Hungarian veterinary patholo-
gist, who initially described the neural form of the disease 
in 1907. Clinically, MD is characterized by lymphomas of 
visceral organs and enlargement of peripheral nerves or 
skin tumors, a consequence of infiltration by neoplastic 
lymphocytes. MD may evolve into various forms of ac-
quired immunodeficiency in chickens. In addition, it may 
cause a form of arteriosclerosis in normocholesterolemic 
chickens very similar to the human disease (reviewed in 
Calnek and Witter, 1991). 
The causative agent of the disease is known as 
Marek's disease virus (MDV) and belongs to the family 
Herpesviridae. MDV is currently grouped within the 
Alphaherpesvirinae subfamily, along with herpesvirus of 
turkey (HVT) (McGeoch and Cook, 1994; McGeoch eta/., 
1995). Due to its lymphotropism and oncogenicity, MDV 
was classified for almost 30 years as a gammaherpesvi-
rus, together with Epstein-Barr virus (EBV). Recent DNA 
sequencing and amino acid analyses, however, suggest 
that MDV is more closely related to alphaherpesviruses 
such as varicella-zoster virus (VZV) and herpes simplex 
virus (Brunovskis and Velicer, 1995; McGeoch and Cook, 
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1994; McGeoch et a/., 1995). With this reclassification, 
MDV is the only known alphaherpesvirus strongly associ-
ated with neoplasia. MDV can establish latency in lym-
phocytes where transcripts of only a few genes are de-
tected. Among these few genes are those expressed in 
tumor cell lines; however, the relationship between la-
tency and transformation in MDV-infected cells remains 
unclear. 
Like many herpesviruses, MDV is highly cell associ-
ated. In MDV-infected cells, viral icosahedral nucleocap-
sids, approximately 100 nm in diameter, are found in 
the nucleus, while enveloped viral particles are detected 
near the outer nuclear membrane, in the cytoplasm, and 
on the cell surface. Particles in juxtanuclear locations 
measure 150-180 nm, while those found in the cyto-
plasm and on the cell membrane are often larger (Nazer-
ian and Burmester, 1968; Purchase, 1972). Fully produc-
tive infection is found only in the feather follicle epithe-
lium, where infectious viral particles are released from 
the cells (Witter eta/., 1972; Calnek eta/., 1970). 
While preparing chick melanocyte cultures as a sub-
strate for MDV infection, we unexpectedly found an un-
usual cell population derived from MDV-infected primary 
chick embryo fibroblasts (CEF). This cell population had 
many characteristics distinct from both primary unin-
fected CEF and lytically infected CEF, as will be dis-
cussed in this report. Although it has been well docu-
mented that MDV can establish latency in chick lympho-
cytes, leading to malignant transformation and neoplastic 
disease (Shek eta/., 1983), a transformed cell line devel-
oped from MDV-infected primary CEF has never been 
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reported. This study provides evidence to show that MDV 
can exert its oncogenic potential and transform primary 
chick embryo fibroblasts. 
MATERIALS AND METHODS 
Cells and viruses 
CEF cultures were prepared from 11-day-old em-
bryonated eggs, following established procedures 
(Henle eta!., 1958). Melanocyte cultures were prepared 
from cells around feather follicles as described by Bow-
ers and Gatlin (1985). MDV strain GA (Eidson and 
Schmittle, 1968) was generously supplied by Dr. Leland 
Velicer, Department of Animal Science and Microbiology, 
Michigan State University. Of note is the fact that the 
GA strain used in the present study is the same strain 
sequenced by Brunovskis and Velicer (1995). The virus 
(passage 5) was passaged once in a primary culture of 
CEF, then MDV-infected cells were harvested and stored 
in liquid nitrogen for future inoculations. 
Antibodies 
Monoclonal antibody (MAb) H19.47 specific to poly-
peptide 38 (pp38) (Cui eta!., 1990), MAb 1 AN86.17 spe-
cific to glycoprotein B (gB) (Cui et a/., 1990), and MAb 
23B46 specific to MEQ (Liu eta!., 1997) were kindly pro-
vided by Dr. Lucy Lee, Avian Disease and Oncology Lab-
oratory, East Lansing, Michigan. MAb PC1 0 (Phar-
mingen) detects proliferating cell nuclear antigen (PCNA) 
(Mathews eta!., 1984); this MAb reacts with PCNA from 
all vertebrate and insect cells. MAb anti-pancytokeratin, 
clone PCK-26 (Sigma), detects type II cytokeratin from 
many vertebrates, including chicken. 
Infectivity assays 
Primary CEF were grown in 24-well plates until the 
cultures reached 70% confluence. MDV-transformed 
cells in 25-cm2 monolayers were dislodged and resus-
pended in 2 ml of DMEM containing 10% FBS. The cell 
suspension was sonicated for 15 s (Sonicator, Heat Sys-
tems-Ultrasonics, Inc.) and 10-fold dilutions were pre-
pared from this suspension. Then, 0.2-ml aliquots of each 
10-fold dilution were transferred to wells containing CEF. 
Inoculated CEF were incubated at 37°C in a humidified 
C02 incubator and examined daily for 21 days for cyto-
pathic effect (CPE). 
Electron microscopy 
Monolayer cells were fixed with 2.5% glutaraldehyde 
in 0.1 M sodium cacodylate buffer, pH 7.2, for 1 h. The 
samples were postfixed with 1% Os04 , dehydrated with 
successively higher concentrations of EtOH, then pro-
cessed as described by Harson and Grose (1995). The 
samples were examined with scanning electron micros-
copy (SEM) or transmission electron microscopy (TEM) 
following previously described protocols (Jones and 
Grose, 1988; Rodriguez eta!., 1993). 
Confocal microscopy 
Cells were stained for PCNA following the protocol 
published by Bravo and Macdonald-Bravo (1987). Rather 
than with optical fluorescence microscopy, all samples 
were examined with a Bio-Rad MRC 10241aser scanning 
confocal microscope in the University of Iowa Central 
Microscopy Research Facility. The primary antibody, 
MAb P10, was diluted 1:700 in 1% normal goat serum 
(NGS) in PBS; the secondary antibody, fluorescein iso-
thiocyanate (FITC) dye conjugated to goat anti-mouse 
(Biosource International), was diluted 1:1000 in PBS (0.01 
M, pH 7.4). Staining with MAb anti-cytokeratin (1:300) 
was performed as described by Duus et a/. (1995). To 
distinguish nuclei, cells were stained with ethidium bro-
mide (0.1 g/1 0 ml 100% EtOH) diluted 1:1000 in PBS. 
In order to detect MEQ protein, 7 x 105 cells were 
seeded on coverslips until the monolayer reached 70-
100% confluency. Then, monolayers on coverslips were 
fixed with -20°C, 70% ethanol for 5 min. The subsequent 
steps followed the protocol described by Liu eta!. (1997). 
MAb 23B46 was diluted 1:200 and FITC secondary anti-
body was diluted 1:1000. 
For intracellular detection of MDV-specific proteins by 
confocal microscopy, cells were permeabilized with Tri-
TABLE 1 
Sequences of MDV-Specific Primers Used in PCR Amplification 
Primer Sequence8 Locusb Size for MDV fragment (kb)" 
P3 ATACGAGTATATGGGTGGGGTGCCG IRS 1.1 (P3/P4), 7.4 (P3/P6), 13 (P3/P7) 
P4 GGCAGTTTGAGGTTCATGTCTGGGG us 1.1 (P3/P4) 
P5 CTACGCCATATTCCCACAGACCGCA us 0.35 (P5/P6), 5.8 (P5/P7) 
P6 ATATCTCGGGATTCTTCCATCGCCTCT us 0.35 (P5/P6) 
P7 GAATTCCTTCAGCCCAAAGCAACAACCGCG TRS 5.8 (P5/P7), 13 (P3/P7) 
a Primer sequences are written from 5' to 3'. 
b Locus of each primer was based on sequence submitted to the GenBank (Accession Nos. U17700 and L222174). 
c Expected size of "wild-type MDV DNA without insertions. 
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FIG. 1. Phenotype of CEM!MDVl· (A) Phase-contrast microscopy. 
CEM!MDVl cells were irregular in shape and contained numerous cyto-
plasmic vacuoles. (B) TEM. Large and small vacuoles were present in 
the cytoplasm of every cell. The nucleus (N) and nuclear organelles of a 
typical cell were intact, and no margination of chromatin was observed. 
Magnification, (A) X45 and (B) X3000. 
ton to allow antibodies to enter the cytoplasm of the cells 
and interact with the proteins. Monolayers were fixed 
with 2% paraformaldehyde in sodium phosphate buffer 
(1 :4 sodium phosphate monobasic:sodium phosphate di-
basic in water) containing 0.05% Triton, for 30 min. The 
primary anti-MDV MAb was diluted 1:800 in 1% NGS. 
For cell surface labeling, cells were stained with pri-
mary and secondary antibodies prior to fixation. First, 
monolayers were treatedwith 5% NGS at 4°C for 30 min. 
The samples were then incubated with either MAb 
H19.47 or MAb IAN86.17 diluted 1:100 in 1% NGS at 4°C 
for 1 h, after which the samples were washed five times 
with chilled PBS. Next, the cells were fixed with 2% para-
formaldehyde in sodium phosphate bufferfor 15 min. The 
fixative was then removed and the samples were rinsed 
three times with PBS. After fixation, FITC-conjugated goat 
anti-mouse antibody diluted 1:1000 in PBS was added. 
Samples were incubated with the secondary antibody for 
1 h at room temperature in the dark, then washed five 
times with PBS. Afterward, cells were stained with pro-
pidium iodide (Sigma) (1 mg/10 ml dH20) diluted 1:1000 
with dH20 for 20 min in the dark, then washed three 
times with PBS. Finally, samples were covered with Vec-
tashield (Vector Laboratories) and coverslips added be-
fore examination with the confocal microscope. For back-
ground controls, uninfected CEF monolayers were pro-
cessed by the same protocol. In order to examine 
integrity of cell membrane, some samples were taken 
prior to fixation and stained with propidium iodide (PI). 
Each experiment was performed with duplicate samples 
and repeated at least three times. 
Polymerase chain reaction 
Total cellular DNA was used as a template for PCR 
amplification. Primers for MDV pp38 gene were synthe-
sized according to sequences published by Abujoub and 
Coussens (1995); these included primer 5'-ATGGAATIC-
GAAGCAGAACAC-3' for sense strand and primer 5'-
CTCCAGATICCACCTCCCCAGA-3' for antisense strand. 
The upstream primer was complementary to nucleotides 
1-21 and the downstream primer to nucleotides 829-
850 of pp38 gene, according to the pp38 sequence pub-
FIG. 2. Cytokeratin staining of CEM!MDVl· Indirect immunofluores-
cence technique was applied, with MAb specific to cytokeratin type II. 
The secondary antibody was FITC conjugated and nuclei were stained 
with ethidium bromide. The samples were observed by laser scanning 
confocal microscopy. Primary CEF monolayer contained some epithe-
lial cells (A), but CEM!Mov1 did not (B). 
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FIG. 3. Unusual organelles found in CEM<MDv>· TEM examination of CEM<Mov> revealed unusual organelles of unknown origin. Bilayer vesicle-
inside-vesicle (A) and multilayer (B) structures, possibly derived from ER and Golgi were frequently seen in the cytoplasm. (C and D) Crystalline 
particles of uniform shape and size (35 nm) were found throughout the cytoplasm. These particles were Golgi associated (C) and were exported 
to the cell surface (D). Magnification' (A) X40K, (B) X30K, (C) X 12K, and (D) X40K. 
lished by Cui eta/. (1991 ). Cellular DNAs were extracted 
and purified using QIAamp kit (Qiagen. Inc.). Twenty-five 
picomoles of cellular DNA was used as a template, then 
25 pmol of each sense and antisense primer was added, 
followed by Master Mix (200 IJ.M each dNTP, 1.25 un its 
of Taq polymerase, and Taq polymerase reaction buffer). 
The PCR was performed in a DNA thermal cycler (Per-
kin-Elmer Cetus) as follows: 35 cycles of 95°C for 20 s, 
56°C for 20 s, and 72°C for 1.5 min. 
Primers for Meq gene were designed according to 
sequence published by Jones eta/. ( 1992). Sense primer 
5'-CTATGCCCTACAGTCCCGCTGACGAT-3' was com-
plementary to nucleotides 27-52 of Meq gene, and anti-
sense primer 5'-ACCAGACCGTAGACTGAGTATCCGAG-
3' was complementary to nucleotides 1029-1054 of Meq 
gene. Conditions for PCR were as follows: 25 cycles of 
94°C for 30 s. 55°C for 30 s, and 72°C for 2 min. 
Retroviral sequences have been described within the 
MDV genome (lsfort eta/., 1994). In order to amplify the 
junction between the internal repeat region and the 
unique short region (IRS/US), the US, or the junction be-
tween the unique short region and the terminal repeat 
region (US/TRS) of MDV, primers P3, P4, P5, P6, and P7 
were designed and synthesized. Sequences and loca-
tions of these primers are indicated in Table 1. PCR 
amplification was performed using the Expand Long 
Template PCR System (Boehringer Manheim GmbH, Ger-
many). The PCR included the following protocol: 35 cy-
cles of 95°C for 20 s, 58°C for 40 s, and 68°C for 12 min. 
In each experiment, DNAs from uninfected primary CEF 
served as negative control and DNA from MDV lytically 
infected CEF as a positive control. The PCR-amplified 
products were separated in a 0.7% agarose gel. 
Reverse transcriptase assay 
Medium from a CEM,MDVl culture was examined for 
reverse transcriptase activity following the protocol de-
scribed by Zhang and Stoltzfus (1995). Samples from un-
infected CEF served as negative controls; samples from 
Rous sacroma virus-infected CEF served as positive con-
trols. The experiment was performed in duplicate. 
Transformation assay 
A protocol for a soft agar assay to assess MDV trans-
formation was previously described by Payne et a/. 
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FIG. 4. Detection of PCNA in CEM1Mov1. Monolayers of cells were incubated with a MAb specific for PCNA and labeled with a fluorescent 
secondary antibody, then examined by laser scanning confocal microscopy. (A, B, and C) CEM1Mov1 and (D, E, and F) primary CEF. The nuclei of 
most CEM1Mov1 cells were positive for PCNA (A), while only in dividing CEF cells were the nuclei positive for PCNA (compare A and D). Some 
positive CEM1Mov1 nuclei were at least three times larger in diameter than nuclei of CEF cells (compare B and E). In some CEM1Mov1 cells, nuclear 
division outpaced cytokinesis (compare C and F). Magnification, (A and B) X20 and (C and D) X60. 
{1981 ). A basal layer contained 0.5% agar while an upper 
layer contained 0.35% agar. Hela and human melanoma 
cells (MeWo strain) (Harson and Grose, 1995) served as 
positive controls, and uninfected CEF cells served as a 
negative control. The assay was repeated three times 
and each experiment was performed in duplicate. 
RESULTS 
Establishment of a cell line following MDV infection 
Primary CEF cultures were infected with the GA strain 
of MDV and CPE was first observed 4 days after infection. 
Aliquots of virus-infected cells were stored in liquid nitro-
gen. Subsequently, chick melanocyte cultures were inoc-
ulated with aliquots of MDV-infected CEF but showed 
no CPE. Instead, the MDV-infected melanocyte cultures 
were overgrown by a different cell type which, because 
of its irregular morphology and extensively vacuolated 
cytoplasm, was easily distinguishable by light micros-
copy. Since the original stock of MDV had been pas-
saged once in primary CEF, it was possible that this 
unusual cell type was derived from MDV-infected CEF. 
To test this possibility, we cultured MDV-infected CEF 
from our stock directly onto 35-mm culture dishes. Within 
24 h, the culture dishes were covered with irregular-
shaped and vacuolated cells (Fig. 1A). This cell popula-
tion differed from both melanocytes and CEF because of 
its doubling time (much shorter) and the distinctive cell 
morphology. The above observations demonstrated that 
the new cell type was derived from the initial stock of 
MDV-infected CEF and did not result from infection of 
chicken melanocyte cells. The cells with the distinctive 
morphology have been maintained in this laboratory 
through 12 serial passages, and each generation has 
conserved the characteristic morphology. The cells have 
been designated CEM1Mov1. 
Although standard protocols to prepare primary chick 
embryo fibroblasts select mainly for fibroblasts, the cul-
ture may contain some epithelial cells. Based on the fact 
that epithelial cells contain cytokeratin types I and II 
while all cell types contain type V, fibroblasts and epithe-
lial cells can be differentiated. In order to identify the cell 
type of CEM1Mov1• cells were probed with MAb specific 
to cytokeratin type II. As shown in Fig. 2, primary CEF 
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FIG. 5. Absent viral production in CEM1MoVJ · (A) When CEM1Mov> were examined by SEM, occasional particles approximately 170 nm in diameter 
were seen on the cell surface (arrowheads). (B) In contrast, viral particles 170-180 nm in diameter were readily found on the cell surface of MDV-
infected CEF (arrowheads). (C) TEM of CEM1Mov> showed an intact nucleus without degenerative changes. No complete nucleocapsids were seen 
in the nuclei. (D) Nuclei of MDV-infected CEF showed characteristic viral-induced degenerative changes, including margination of chromatin and 
disappearance of nucleoli. Mature nucleocapsids (arrowheads) of 95-100 nm were easily detected. These nucleocapsids were hexagonal in shape 
with a dense core 60-70 nm wide. Also, enveloped viral particles (V) (135-160 nm) were found at the nuclear membrane. (A) Bar, 500 nm; (B) bar, 
600 nm; (C) magnification, XBOOO; and (D) magnification, X10,000. 
culture contained some epithelial cells (Fig. 2A) while 
CEM1Mov> did not (Fig. 2B). This result excluded the possi-
bility that CEM1Mov> was epithelium. 
Characterization of CEM1Mov> 
The morphology of CEM1Mov> was examined further by 
electron microscopy. TEM confirmed the presence of nu-
merous cytoplasmic vacuoles and revealed that, unlike 
most MDV-infected cells, no margination of nuclei 
was found in CEM1Mov> cells (Fig. 1 B). Vacuolization of 
CEM1Mov> was not a degenerative change, since the cells 
were subcultured and maintained in our laboratory. Cyto-
plasmic vacuoles have been observed in some lymphoid 
cell lines (Payne eta/., 1981) and in HVT-infected duck 
embryo fibroblasts (Nazerian eta/., 1971 ). TEM also dem-
onstrated unusual organelles in CEM1MDVJ · Bilayer vesi-
cle-within-vesicle structures and multilayered structures 
(Figs. 3A and 38) were commonly observed in the cyto-
plasm. The appearance of these two organelles sug-
gested that they may be derived from the endoplasmic 
reticulum (ER) and the Golgi. In addition, crystalline parti-
cles of uniform shape and size (35 nm) were found in 
the cytoplasm of the cells (Figs. 3C and 3D). Some of 
these particles were Golgi associated (Fig. 3C) and ex-
ported to the cell surface (Fig. 3D). In summary, examina-
tion by light- and electron microscopy indicated that 
CEM1Mov> had properties markedly different from either 
primary CEF or lytically infected CEF. 
PCNA in nuclei of CEM1MoV) 
Proliferating cell nuclear antigen is an essential pro-
tein for cellular DNA synthesis. PCNA is an auxiliary pro-
tein for DNA polymerase 8 and is necessaryfor synthesis 
of the leading strand (Prelich and Stillman, 1988). The 
protein reaches maximum expression at the G1/S phase 
and lowest levels during the M phase (Celis and Celis, 
1985; Kurki eta/., 1986, 1988). PCNA is expressed at a 
high level in virtually all nuclei in transformed cell cul-
tures, regardless of the etiology of the transforming 
event. Detection of PCNA is thus widely performed in 
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FIG. 6. Detection of pp38 and Meq in CEM1MDVJ· PCR amplification 
of the MDV pp38 and Meq genes was performed using cellular DNA 
from passages 1, 3, and 6 CEM1Mov1 as templates. PCR products were 
separated on 0.7% agarose gels. The data from passage 6 is shown. 
(A) PCR amplification of pp38 gene. A 0.85-kb fragment was found in 
lane 1, which contained PCR product from CEM1Mov1. This fragment 
was identical to the amplified fragment of MDV GA strain (lane 4), 
whereas there was no amplified product from uninfected CEF (lane 2). 
(B) Similarly, a 0.96-kb fragment, the expected size of the Meq gene, 
was detected in the lane containing DNA from CEM1Mov1 (lane 6), but 
not in the lane containing DNA from uninfected CEF (lane 8). PCR 
product from MDV GA strain was in lane 7. 1-kb markers are located 
in lanes 3 and 5. (C) MEQ protein was detected by MAb 23846 in the 
nuclei of CEM1Mov1. Original magnification, X60. 
order to identify proliferating cells in cancerous tissue. 
Because the results of the experiment described above 
suggested transformation, CEM(MDVI were probed with 
MAb PC10, which binds to PCNA. When CEM(MDVI were 
stained with MAb PC10 and examined under a laser 
scanning confocal microscope, all nuclei in the culture 
stained positively (Fig. 4A). In contrast, PCNA staining of 
primary CEF demonstrated positive nuclei only in dividing 
cells (Fig. 4D). Not only was the intensity of the staining 
generally lower in primary cells, the size of the positive 
nuclei was much smaller (compare Figs. 48 and 4E). The 
diameter of some of the nuclei in the CEM(MDVI cultures 
was three times as large as that of uninfected primary 
CEF, which means that their volume was about eight 
times greater than that of a nucleus in a primary CEF 
culture. In at least 10% of the CEM(MDVI population (Figs. 
4C and 4F), nuclear division of the transformed cells 
outpaced cytoplasmic division. The higher level of PCNA 
in CEM(MDVI was indicative of a short generation time . 
Viral production by CEM(MDVI 
In most MDV-transformed lymphoma cell lines, infec-
tious viral particles are very rarely produced (Akiyama et 
a!., 1973; Calnek eta!., 1978; Payne eta!., 1981 ). In CEF 
monolayers, lytic infection with MDV results in the pro-
duction of infectious particles. To determine the infectiv-
ity status of CEM(MDVI• the cells were examined by SEM 
and TEM. When CEM(MDVI cells were examined by SEM, 
apparent viral-like particles of 170-180 nm were found 
only rarely on the surface of the cells (Fig. 5A). In contrast, 
MDV particles (170-200 nm) were easily detected on the 
surface of lytically infected CEF (Fig. 58). More than 500 
CEM(MDVI cells were examined by TEM; none of them 
contained complete nucleocapsids in the nucleus. Also, 
the nuclei of most CEM(MDVI cells were intact without 
chromatin margination (Fig. 5C), whereas the nuclei of 
most MDV lytically infected CEF showed morphological 
abnormalities resulting from active capsid assembly (Fig. 
5D). In the latter cells, margination of nuclear chromatin 
and disappearance of nucleoli were commonly observed 
(Fig. 5D). Numerous viral nucleocapsids (95-1 00 nm) 
were detected in the nucleus of infected cells, and enve-
loped viral particles (150-160 nm) were readily detected 
at the nuclear membrane (Fig. 5D). 
Infectivity assays were performed in order to deter-
mine whether infectious MDV was produced by 
CEM(MDVI· Sonicated CEM(MDVI cells were inoculated onto 
primary CEF and the cultures were observed for CPE for 
3 weeks; as control, MDV-infected CEF cells were also 
inoculated onto primary CEF monolayers. Four days after 
infection, CPE was detected in the wells containing CEF 
inoculated with MDV, while no CPE was detected in the 
wells inoculated with CEM(MDVI· One blind passage of 
the CEM(MDVI inoculated CEF was performed; again, no 
CPE was observed after an additional 2 weeks (data not 
shown). 
Presence of MDV DNA in CEM(MDVI 
Although very few viral particles are produced by most 
MDV lymphoblastoid cell lines, the presence of the MDV 
genome in host cells has been documented (Nazerian 
and Lee, 1974). Polymerase chain reaction was per-
formed as an initial assay to demonstrate the presence 
of MDV DNA in CEM(MDVI cells. Because both MDV pp38 
and Meq genes are associated with transformation (Xie 
et a!., 1996), primers for both genes were synthesized 
according to published sequences (Cui eta!., 1991; Jones 
TRANSFORMATION BY MAREK'S DISEASE VIRUS 27 
FIG. 7. Detection of MDV-specific proteins in CEM1MDVJ· CEM1Mov1 cells were immunostained with MAb against gB and pp38 and visualized by 
laser scanning confocal microscopy. (A-C) MDV proteins pp38 and gB were detected throughout the cytoplasm of all cells in the monolayer. Note 
the different cellular morphologies and the cytoplasmic vacuoles. (D) Primary CEF cells processed in the same way served as a negative control. 
Magnification, X60. 
eta/., 1992). The expected fragment for pp38 gene was 
0.85 kb. Samples of cellular DNA from passages 1, 3, 
and 6 of CEM1Mov1 were templates for PCR amplification. 
The 0.85-kb DNA fragment of pp38 was detected in the 
lane containing DNA from CEM1Mov1• but was not found 
in the lane containing DNA from uninfected CEF (Fig. 
6A). Similarly, the expected amplified fragment for Meq 
gene, 0.96 kb, was detected in the lane containing DNA 
from CEM1Mov1 (Fig. 68). Thus, results from PCR amplifica-
tion analyses demonstrated the presence of both pp38 
and Meq genes in CEM1Mov1• In addition we used MAb 
23846 to probe for MEQ protein in the CEM1Mov1• By con-
focal microscopy, we easily detected MEQ protein in 
nuclei of CEM1Mov1 in a pattern very similar to that pre-
viously shown by Liu eta/. (1997) and Omar and Schat 
(1996) (Fig. 6C). 
Expression of MDV gB and pp38 
In order to determine whether other MDV-specific 
proteins were expressed in CEM1Mov1• monolayers of 
CEM1Mov1 were probed with MDV-specific MAb and ex-
amined by laser scanning confocal microscopy. For a 
preliminary study, a combination of MAb H19.47 and 
MAb 1AN86.17 was selected to detect MDV-specific 
proteins pp38 and gB, respectively. Antibody to gB was 
included to search for expression of late gene prod-
ucts. When analyzed by confocal microscopy, MDV-
specific proteins were detected in over 90% of the cell 
population. In contrast, in most MDV-transformed 
lymphoma cell lines, only 1-2% of the cell population 
produces viral proteins or viral antigens (Akiyama et 
a/., 1973; Akiyama and Kato, 1974; Nazerian and Witter, 
1975). As shown in Fig. 7, MDV proteins were detected 
throughout the cytoplasm of CEM1Mov1. The: irregular 
shape of the cells and the presence of numerous cyto-
plasmic vacuoles are also noticeable in Fig. 7 (com-
pare with Fig. 1 ). lmmunostaining of an uninfected pri-
mary CEF monolayer was negative (Fig. 7D). 
Subcellular localization of MDV gB and pp38 
Immunofluorescence staining techniques combined 
with confocal microscopy were employed to localize 
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FIG. 8. Localization of MDV-specific protein s in cytoplas m of CEM 1Mov1. CEM1Mov1 monolayers were permeabilized prior to staining with 
primary and secondary antibody. (A) Glycoprotein B was found throughout the cytop lasm. The intense fluorescent staining reflected the 
production of large amounts of protein. (B) Polypeptide 38 was also found in the cytoplasm. Fluorescent staining for pp38 was less intense 
than that fo r gB. Magnification, X60. 
MDV proteins pp38 and g8 in CEM1Mov1 cells. In a perme-
abilized cell preparation, MDV glycoprotein 8 was de-
tected by MAb 1AN.86.7 throughout the cytoplasm (Fig. 
SA). Glycoprotein B was distributed even ly in the cyto-
plasm; in addition, the intensity of fluorescent staining 
reflected a high production of the protein (Fig. 8A). In 
similarly permeabilized cells, pp38 was detected by MAb 
H19.47 in the cytoplasm; fluorescent staining, however, 
was not as intense as for gB. In addition, the distribution 
pattern of pp38 in the cytoplasm was different from that 
of gB (Fig. 88). 
In order to detect surface expression of the MDV pro-
teins, double fluorescent staining was employed. To 
avoid permeabilizing the cell membrane, CEM1Mov1 cells 
were not treated with Triton; rather, living cells were 
stained with primary antibodies prior to fixation. By this 
method, primary antibody could not enter the cell but 
could attach only to proteins found on the cell surface. 
After excess primary antibody was washed off, the cells 
were fixed briefly with paraformaldehyde to stop the reac-
tion and prevent possible endocytosis. The cells were 
then incubated with fluorescein-conjugated anti-mouse 
antibody. Subsequently, the cells were stained with a 
second fluorescent dye, PI, which reacts with nucleic 
acids. When double-labeling techniques were applied, 
MDV gB colocalized with PI in the cytoplasm, as indi-
cated by the orange color in Figs. 9A and 9B. Also, g8 
was expressed on the surface of the cells, as repre-
sented by the green color of non-colocalized staining on 
the cell surface (Figs. 9A and 98). These results demon-
strated that gB was produced in the cytoplasm and ex-
ported to the cell membrane. 
MDV pp38 was also detected both in the cytoplasm 
and on the cell membrane (Figs. 9C and 9D). However, 
fluorescein staining for pp38 on the ce ll surface was 
not as intense as that for gB and the distribution pat-
terns of the two proteins on the surface were different 
(compare Fig. 98 with 9D). In most CEM1Mov1• pp38 was 
found to accumulate at the extensions of cell mem-
brane (Fig . 9D), wh ereas gB was equally distributed 
along the entire plasma membrane. In addition, we 
found that. after fixation , the red fluorescence of PI 
was detected not only in the nucleu s but also in the 
cytoplasm (Fig. 9E) of CEM1Mov1• whereas PI was found 
only in nuclei of uninfected CEFs (Figs. 9G and 9J). 
This observation indicated that in CEM1Mov1 a large 
amount of nucleic acids was produced and/or trans-
ported to the cytoplasm. When combined with the re-
sult in Fig. 3, the result in Fig. 9E may indicate that the 
particl es in the cytoplasm were ribosomes associated 
with RNA. Dye was not detected in the cytoplasm of 
CEM1Mov1 when cell s were not first treated with para-
formaldehyde (Fig. 9F). In addition, six control staining 
profiles demonstrated the specificity of staining with 
anti-pp38 and anti-gB antibodies (Figs. 9G-9L). 
Transformation assay 
Ba sed on the obseNation that the growth pattern of 
CEM1Mov1 markedly differed from that of CEF, including a 
shorter proliferating time (PCNA positivity) and a capacity 
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for higher passage number, as well as the fact that the 
cell line expressed both pp38 and MEQ, we postulated 
that CEM(MDVl was transformed by viral infection. In order 
to evaluate anchorage independence of CEM(MDVl• we 
tested the ability of the cells to divide in medium ren-
dered semisolid with a low agar concentration (Payne et 
a!., 1981 ). He La cells and MeWo cells served as positive 
controls and uninfected CEF as a negative control. The 
photographs of the living cells clearly documented that 
CEM(MDVl formed colonies in soft agar (Figs. 1 OA, 1 OB, 
and 1 OC), similar to known transformed cell lines such 
as Hela and MeWo (Figs. 1 OE and 1 OF). CEM colonies 
of increasing size are shown in Figs. 1 OA-1 OC; smaller 
colonies were seen in the Hela and MeWo cultures, but 
photographs are not shown. The dark color of the MeWo 
colony is due to melanogenesis (Fig. 1 OF). 
Analysis for retroviral insertion 
Recently, it has been reported that, both in vitro and 
in vivo, retroviruses can integrate into the MDV genome 
(lsfort eta/., 1992, 1994). To determine whether the MDV 
sequences in CEM(MDVl carried retroviral inserts, PCR 
analysis was performed with the amplified MDV IRS/ 
US and US/TRS junctions and the IRS/US/TRS region. 
Sequences of primers, locations, and expected fragment 
sizes of wild type are shown in Table 1 and Fig. 11A. 
When P3 and P4 were used as primers to amplify IRS/ 
US junction of MDV, a 1.1-kb fragment was detected in 
the lane containing PCR products amplified from 
CEM(MDVl DNA (Fig. 11 B, lane 3). This DNA fragment had 
a size identical to that expected from wild-type MDV (Fig. 
11 B, lane 1 ), whereas no PCR products were detected 
in the lane containing DNA templates from uninfected 
CEF (Fig. 11 B, lane 4). Similar results were obtained us-
ing primers P3/P6 and P5/P7 to amplify IRS/US and US/ 
TRS, respectively. PCR products with the size expected 
for wild-type MDV, 7.4 and 5.8 kb, were detected in the 
lanes containing DNA from CEM(MDVl (Fig. 11 C). Thus, 
PCR analysis indicated that this cell line contained no 
retroviral insertions in MDV DNA regions reported to be 
the "hot spots." In addition, primers P3 and P7 were used 
to amplify the entire US region. A fragment of 13 kb was 
detected in the lane containing DNA from CEM(MDVl (data 
not shown), similar to the expected PCR product ampli-
fied from wild-type MDV (Brunovskis and Velicer, 1995). 
In order to confirm the above results and to examine 
whether there was any retrovirus activity in CEM(MDVl• a 
reverse transcriptase assay was also performed. Rous 
sarcoma virus was a positive control. As shown in Fig. 
11 D, incorporation of radioactive dTIPs in samples taken 
from CEM(MDVl cultures was not significantly different 
from the negative controls. In other words, there was no 
detectable level of reverse transcriptase activity in this 
cell line. Taken together, the results in the above two 
sets of experiments failed to demonstrate evidence of 
retroviral insertion in CEM(MDVl DNA 
DISCUSSION 
CEM(MDVl had many properties of transformed cells, 
including a distinctive morphology, shorter proliferating 
time, and extended life span in the absence of exoge-
nous growth factors. The morphology of CEM(MDVl was 
distinct from either CEF or chick melanocytes. The 
CEM(MDVl cell was irregular in shape and contained nu-
merous cytoplasmic vacuoles. These vacuoles resem-
bled the large cytoplasmic vacuoles seen in VZV-infected 
cells (Jones and Grose, 1988). Each cell also contained 
one or more large PCNA-positive nuclei. PCNA is a nu-
clear protein expressed at high levels in transformed 
cells and associated with a short generation time (Ma-
thews eta/., 1984). PCNA staining clearly delineated that 
the rate of nuclear division was faster than that of 
CEM(MDVl cytokinesis. Based on the above properties, 
we speculated that CEM(MDVl was transformed by MDV 
infection. In order to test the hypothesis, we evaluated 
anchorage-independent growth on soft agar medium 
(Payne et a/., 1981 ). Our results showed that CEM(MDVl 
formed colonies in soft agar and by this definition were 
transformed. 
Extensive investigations of virus assembly in CEM(MDVl 
were pursued. SEM and TEM revealed no complete viral 
particles in the nucleus or cytoplasm of the transformed 
cells. The envelope-like structures seen on the surface 
probably were envelopes without capsids since infectiv-
ity assays showed that infectious virus was not produced 
in CEM(MDVl· Envelope structures are commonly ob-
served on the surface on VZV-infected monolayers even 
though infectious virus is never released into the medium 
(Rodriguez eta/., 1993). In MDV-transformed lymphoma 
cell lines, only a small percentage of cells can produce 
detectable viral particles (Akiyama and Kato, 1974; Naz-
erian and Witter, 1975). Infectious MDV can be rescued 
from some lymphoblastoid cell lines by cocultivation with 
primary or secondary CEF (Schat eta/., 1989). Unlike the 
case with lymphoma cell lines, however, cocultivation of 
CEM(MDVl with primary CEF did not result in the produc-
tion of infectious virus. 
In most MDV-Iymphoma cell lines, only 1-2% of the 
cell population expresses viral proteins or viral antigens 
(Akiyama eta/., 1973; Akiyama and Kato, 1974; Nazerian 
and Witter, 1975). In contrast, confocal microscopy re-
vealed that over 90% of CEM(MDVl cells expressed gB and 
pp38 without exogenous agents such as bromodeoxyuri-
dine. Thus, CEM(MDVl did not closely resemble MDV-
transformed T-lymphocytes. The properties of CEM(MDVl 
also differed markedly from those of two CEF cell lines 
reported by Abujoub and Coussens (1995), called MDV-
OU2.1 and MDV-OU2.2. The two cell lines were derived 
from a chemically induced fibroblast cell line, called 
CHCC-OU2 (Ogura and Fujiwara, 1987), rather than from 
a primary cell culture. In contrast to primary CEF, the 
CHCC-OU cell line has an apparently:unlimited life span. 
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red channel green channel Mix 
pp38 
gB 
FIG. 9. Localization of MDV-specific proteins on cell membrane of CEM1MoVl · Surface expression of gB and pp38 was determined by dual staining 
followed by confocal microscopy. Each protein was detected by a specific MAb with FITC fluorescence, which appears green. Cell nuclei and 
cytoplasmic nucleotides were stained with propidium iodide and appear red. Colocalization of the red and green signals, when digitally merged, 
appears orange. (A and B) Glycoprotein B was found in the cytoplasm (orange) and at the cell membrane (green) but not in the nucleus (red). 
Glycoprotein B was distributed evenly on the cell surface, as shown by the continuous green fluorescence on the cell membrane. (C and D) 
Polypeptide 38 was detected both in the cytoplasm and on the cell membrane. Some cells expressed pp38 uniformly on the surface (C). Most, 
however, showed an interrupted surface-staining pattern with pp3B on the plasma membrane and especially at the extension of the cells (D). 
Propidium iodide staining of CEM1MDVl demonstrated nucleotides in both nucleus and cytoplasm (E). As a control, samples were taken before the 
fixation and permeabilization step and stained with propidium iodide (F). No red stain was seen in the cytoplasm, suggesting that the cell membrane 
remained intact (F). (G-L) The staining profiles of the negative controls. Uninfected CEF were incubated with a MAb specific to either pp3B (G-1) 
or gB (J-L) followed by propidium iodide. Fluorescence from propidium iodide was recorded by the "red" channel (G and I) while FITC signal was 
captured by the "green" channel (H and K). The two channels superimposed are shown in the "mix" channel (I and L). Uninfected CEF did not react 
with either MAb (H, K). Original magnification, X60. 
Following infection with MDV strain Md11, the MDV-OU2 
cell lines are described as continuous anchorage-depen-
dent cell lines which carry MDV in a latent stage; their 
morphology continues to resemble fibroblasts. Their 
PCNA status has not been investigated. The MDV ge-
nome harbored within these cells switches from latent 
to lytic infection when the cells reach confluence. Virus 
yields are comparable to MDV infection of primary CEF 
(Abujoub and Coussens, 1997). Although the nonconflu-
ent MDV-OU2 cells express pp38, they do not express 
late gene products, such as gB. In contrast, the CEM1Mov1 
cell line constitutively expresses both pp38 and gB but 
never produces infectious virus, even when confluent. 
Meq is a potential oncogene of MDV. Meq and pp38 
are among a small group of genes expressed in MDV-
induced tumors and MDV-transformed cell lines (Jones 
eta/., 1992; Qian eta/., 1995; Chen eta/., 1992). The Meq 
gene maps to the long repeat region of MDV genome 
and encodes a 339-amino-acid protein. MEQ protein has 
an N-terminal domain homologous to a basic-leucine 
zipper nuclear oncoprotein and a proline-rich domain 
near the C-terminus (Qian eta!., 1995). BZLF-1 product 
of EBV is the only related factor known to exist in the 
herpesvirus family. MEQ can transform Rat-2 cells by 
itself when overexpressed in the nucl~oplasm (Liu et 
a/., 1996, 1997). Meq and pp38 antisense RNAs inhibit 
proliferation and reduce colony formation in soft agar of 
M DV-Iymphoma cells (Xie eta/., 1996). Our PCR amplifi-
cation revealed the presence of Meq gene in CEM1Mov1• 
and our confocal microscopy detected MEQ protein in 
nuclei and nucleoli of CEM1Mov1. Previous studies have 
concluded that MEQ is essential to the maintenance of 
a transformed phenotype of a MDV tumor cell line (Xie et 
a/., 1996). The fact that MEQ was cfetectable in CEM1Mov1 




FIG. 10. Growth of CEM1Mov1 in soft agar. Anchorage-independence of CEM1Mov1 was evaluated by growth in soft agar. The cultures were incubated 
for a total of 21 days. CEM1Mov1 colonies in soft agar are shown in A, B, and C; primary CEF cells in D; Hela cell colony in E: and a colony of the 
MeWo strain of human melanoma cells in F. The living cells were photographed with a Leitz Labovert phase contrast microscope; objective lens 
1 OX. Each of the three large colonies (C, E, and F) was approximately 250 J..tm in diameter. The images were stored in an Inspector computer 
program (Matrox Electronic System). 
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1.0Kb ..... 9.4Kb ..... 6.6Kb ..... 
2.3Kb ..... 
D 
FIG. 11 . Analyses for retroviral insertion. (A) Diagram of the MDV genome, 1, 2, and 3 represent most likely insertion sites tor retroviruses. Locations 
and directions of primers (P3, P4, P5, P6, and P7) used in PCR analysis are indicated by arrows. Sequences and sizes of expected fragments are 
presented in Table 1. (B) When primers P3 and P4 were used to amplify the IRS/US junction of MDV, a 1.1-kb fragment was detected in the lane containing 
the product amplified from cellular DNA of CEM(MDV) (lane 3). This DNA fragment has a size similar to that expected from wild-type MDV (lane 1), whereas 
there was no DNA product from uninfected CEF (lane 4). A marker is shown in lane 2; an arrow indicates the 1-kb position. (C) Lanes 1, 2, and 3 contain 
PCR products when P3 and P6 were used as primers. Similar 7.4-kb fragments are seen in lanes 2 and 3, which contain DNAs from CEM<MDV) and wild-
type MDV, respectively. No fragment appears in lane 1. Lanes 5, 6, and 7 contain PCR products when P5 and P7 were used as primers. Similar 5.8-kb 
fragments are seen in lanes 5 and 6, but not in lane 7. Markers are indicated by arrows. (D) Reverse transcriptase assay. Samples 1 and 2 were CEF 
culture medium; 3 and 4 were from CEM<Mov1 cultures; 5, 6, 9, and 10 were from Rous sarcoma virus mutants, which produce a different amount of 
reverse transcriptase. Samples 7 and 11 were from plasmid-infected CEF and served as negative controls; sample 8, from uninfected CEF, was also a 
negative control; sample 12 was CEF infected with wild-type Rous sarcoma virus, a positive control. 
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indicated that the cells possess features of MDV-trans-
formed lymphocytes. 
MDV genomes in transformed lymphoma cell lines are 
mostly randomly integrated into cellular chromosomes; epi-
somal forms are rare (Delecluse and Hammerschmidt, 
1993). This finding indicates that MDV behaves like other 
DNA tumor viruses such as human papillomaviruses, sim-
ian virus 40, and adenovirus. A small percentage of MDV-
transformed lymphocytes support the lytic MDV cycle. How 
the latent to lytic transition occurs is not known but may 
represent a single homologous recombination event (De-
lecluse and Hammerschmidt, 1993). Further studies will be 
required to define the status of the MDV genome present 
within CEM(MDVI· When the limited data from transformed 
lymphocytes, MDV-OU2 cells, and CEM(Mov1 are compared, 
they may suggest a spectrum of latent to lytic transitions 
in the three groups of cells, i.e., transformed lymphocytes 
are predominantly latent, MDV-OU2 cells change from la-
tent to lytic upon reaching confluency, and CEM(Mov1 cells 
are presumably in a continual latent to lytic transition. Since 
complete virions are not produced in CEM(Mov1• the MDV 
genome may be defective in the latter cells. 
When the CEM(Mov1 cells were first characterized, we 
strongly suspected that an avian retrovirus had inserted 
its provirus into the genome of the GA viral strain during 
our initial experiment. This hypothesis was based on 
recent reports which have demonstrated that either reti-
culoendotheliosis virus (REV) or avian leukosis virus 
(ALV) can be found within certain MDV genomes (lsfort 
eta/., 1994). However, our PCR amplification and reverse 
transcriptase experiments clearly demonstrated that 
REV/ALV integration cannot explain the CEM(Mov1 trans-
formation process. Thus, the CEM(Mov1 cells appear to be 
different from any previously described MDV-trans-
formed cell lines. 
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